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I. INTRODUCTION
A. Biogeographical Patterns in Species Diversity
Differences in species diversity have been investi-
gated in many geographic areas throughout the world. These
biogeographical studies have considered patterns in species
diversity which cross latitudinal boundaries. Fischer
(1960) described diversity differences in many animal
groups, including ants, birds, snakes and corals. In each,
the number of species increased as one traced their diver-
sity from higher to lower latitudes. Diversity of terres-
trial mammal species follows a similar pattern, with great-
er species diversity recprded for tropica~ areas (Simpson,
1964). In the marine environment Thorso~ (1957) found that
that benthic epifauna exhibit an increase in diversity from
temperate to tropical areas; he did not find a parallel
situation for infauna1 species. rhese findings and those
of others, Paine (1966), Sanders (1968) and Abele (1974),
have led to the general concept of latitudinal gradients in
species diversity. Theoretical explanations which attempt
to relate these patterns to obvious physical and climatic
regimes of the various geographic areas have been advanced
by several authors (Pianka, 1966).
MacArthur (1965) was one of the first to suggest
that differences in species diversity between tropical and
temperate regions may reflect differences in the number of
available habitats contained in the two regions. Abele
1
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(1974) presents evidence to support this theory in relation
to decapod crustaceans. MacArthur (1965) also recognized
the necessity of separating biogeographic diversity studies
from ecological studies of diversity. He recommended that
species diversity studies comparing several habitats be
termed beta (~) or between habitat studies. As defined by
MacArthur, they can .include small geographic areas, but they
generally span latitudinal boundaries (Thorson, 1957;
Fischer, 1960; Simpson, 1964). As a corollary, the species
or groups of species considered in beta diversity studies
do not normally encounter or interact with each other.
Within habitat (alpha (a) species diversity) studies
deal with species "which co-exist in spite of regular over-
,
lap in their place of feeding, or which have made other ad-
justments to co-exist" (MacArthur, 1965), and thus treat
diversity differences as ecological rather than biogeograph-
ica1 concepts. The distinctions discussed above are prere-
quisite considerations when defining a diversity study.
B. Ecological Studies of Diversity
Ecological studies that relate species diversity
differences to environm~ntal diversity in a quantitative
way began primarily with the work of MacArthur and Mac-
Arthur (1961) and MacArthur (1964). In these studies envi-
ronmental attributes, specifically foliage height diversity,
were found to be good predictors of bird species diversity.
The implication was the more structurally diverse the
2
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habitat, the more species it could support. Cody (1966)
found that the number of coexisting bird species in grass-
lands was largely a function of the vegetational diversity.
Cody also found that areas with structurally similar vege-
tation support similar numbers of bird species. Pianka
(1967) examined lizard species diversity in North American
flatland deserts and found that the single most important
factor in the maintenance of diversity differences was
vegetative spatial heterogeneity. These studies and others
(Karr and Roth, 1971) have established a definite relation-
ship between habitat structural attributes and species
diversity. This relationship was formalized by MacArthur
(1965: p. 522) with particular reference to alpha diversity
studies:
••• the number of species within a habitat
can be expected to increase with productivity
(sometimes), with the structural complexity
of the habitat, the lack of seasonality in
resources, the degree of specialization
and with reduced family size. Of these,
only the structural complexity and to
some ex~ent the productivity are likely
to vary over a small geographic area;
hence the local variation in within-habitat
diversity is expected to be explainable in
structural terms (with a smaller and some-
what ambiguous productivity term included) .
Actually, productivity is often correlated
with structural complexity, so a structural
prediction may be quite accurate.
Physical structure may in fact be highly correlated
with diversity differences. However, the concept "struc-
ture" implies a complex of habitat dimensions, including
3
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microclimate, microhabitat and other available resources.
Thus the term "structure" represents a summary explanation
of factors, anyone of which may be more directly associa-
ted with the maintenance of diversity differences. Cody
(1974) suggested that it was not actually foliage structure
but rather the increased "resource span" provided by the
habitat structure which ~ccounted for increased bird
species diversity. Karr (1975) provided finer specificity
in his interpretation of structural effects on diversity.
He proposed that the increased diversity of birds in
tropical habitats was a result of an increase in the number
of harvestable food resources associated with more complex
habitats.
Clearly, newly initiated studies should attempt to
identify the specific factors that regulate diversity and
relate these to the ecological requirements of the species
under consideration.
C. Extension of Terrestrial Concepts to the Marine
Environment
The maj'ori ty of ecological diversity studies dis-
cussed previously have considered primarily vertebrates;
e.g., birds and lizards (MacArthur and MacArthur, 1961;
Pianka, 1967; Cody, 1974). These organisms orient visually
and actively partition limiting resources such as space in
an attempt to reduce competition. In spite of the restrict-
ed variety of organisms examined in these studies, general-
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izations with assumed wide applicahility have been made by
the investigators.
In the marine environment these same concepts may be
applied to a few groups of organisms, such as fish. Sale
(1977), examining fish diversity in coral reefs, found that
fish diversity and clumping were dependent upon structural
complexity of the coral feef. A similar relationship can
be envisioned for kelp forest fish. The coral reef or kelp
forest structure may replace the forest environment of the
birds and represent an analogous habitat for fish. Thus, a
similar relationship between habitat structure and species
diversity may exist for fish. However, fish represent only
a small fraction of the fauna occupying the marine environ-
mente The benthic and intertidal marine environments con-
tain communities composed of many invertebrate phyla.
Studies of diversity in the marine benthic and inter-
tidal areas have been limited. Benthic studies have been
primarily biogeographic in nature. Rex (1973) found that
gastropod species diversity in the Atlantic is low on the
continental shelf, high on the continental slope and
abyssal rise, then decreases with increasing distance out
onto the abyssal plain. Sanders (1968) examined diversity
in benthic soft bottom communities and found the number of
species to be higher in areas with historically stable
environments, whereas lower diversities occurred in histor-
ically recent or variable environments. Sanders (1968)
5
defined his study as "within habitat," restricting the
areas he examined to soft oozes. In addition, the study
was confined to the polychaete-bivalve fraction of the
fauna. In spite of Sanders' habitat definition, the study
would more accurately be described as a between habitat
study by virtue of the range of geographic areas (and hab-
itats) investigated. These included tropical shallow water,
deep sea, tropical estuary and boreal estuary. Sanders
(1968), like Fischer (1960) and Simpson (1964), also
attempted to explain the diversity differences in broad
regional terms. Factors such as climatic stability were
thought possibly to have been responsible through time for
the establishment of the species diversity differences.
However, local within habitat features responsible for the
maintenance of the observed diversity differences were
ignored.
Ecological investigations of intertidal community
diversity have dealt primarily with two central themes.
They constitute the. changes in diversity through time, i.e.,
successional studies (Hewatt, 1935; Reish, 1964; Cimberg,
1975), or related diversity differences to specific phenom-
ena (Widdowson, 1971; Borowitzka, 1972; Paine, 1966, 1974).
Widdowson (1971) reported that changes in intertidal algal
diversity were related to direct human interference and
proposed that more quantitative studies be undertaken to
determine the specific factors affecting species diversity.
6
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Borowitzka (1972) reported that pollution directly affected
benthic algal diversity in a study off the coast of Sydney,
New South Wales. Paine (1966) reported that intertidal
species diversity was controlled by the availability of
primary substrate. Factors that reduced the availability
of substrate, such as the dominance by a single species,
Mytilus californianus (Bivalvia), reduced intertidal diver-
sity. He further concluded that predation on Mytilus by
the starfish Pisaster sp. freed primary substrate resulting
in increased diversity.
An ecological study of marine species diversity
should clearly define the habitat under investigation. The
marine studies discussed above failed to accomplish this
adequately. This usually resulted in the consideration of
an entire section of the littoral environment, which poten-
tially incorporates several major habitats, including rocky
platforms, boulder beaches, tidal pools, etc. Furthermore,
many species were ignored either subjectively by the inves-
tigator; for example, Paine's (1966) study which included
only species he felt were important (personal communica-
tion), or objectively, such as Widdowson's (1971) or Boro-
witzka's (1972) studies that included only algal species.
Clearly, a complete community' study will include all ani-
mals and plants. The studies discussed above also consid-
ered only a limited number of environmental factors which
may potentially influence species diversity. Additional
7
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relevant variables could have been included had the investi-
gators considered the natural history and ecological require-
ments of the species under investigation. As a consequence,
no marine studies have truly addressed the question of with-
in habitat species diversity differences and the factors
responsible for their maintenance.
D. The Mytilus californianus Community: A Habitat for
Alpha Species Diversity Studies in the Intertidal
The nature of the benthic environment imposes sev-
eral practical limits on the researcher. Most of the
problems are associated with the accessibility of this
habitat. Sampling and measurement of appropriate environ-
mental variables is possible but is expensive and requires
elaborate equipment. The easily accessible intertidal
environment offers a practical alternative area for marine
species diversity studies. Careful habitat selection and
definition can make the intertidal area an idaUenvironment
for a within habitat study of species diversity.
The California marine mussel, Mytilus californianus,
Conrad, is an inhabitant of the exposed rocky Pacific
coastline and ranges from Alaska to Baja California. This
animal forms cons~icuous beds which normally occupy inter-
tidal levels between -O.33m (-1 ft) and 1.7m (+5 ft)
(Ricketts et al., 1968). The mussel bed affords a relative-
ly continuous and superficially uniform habitat for a large
variety of dependent invertebrates (Hewatt, 1935; personal
8
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observation). The mussels provide, both directly and indi-
rectly, shelter, living space and food for these associated
fauna. The mussels form a structural framework which is
ideally suited for a within habitat species diversity study
for it provides an environment distinct from surrounding
areas.
The mussel bed community in total includes members
of most invertebrate phyla; however, observations by Cim-
berg (1975) and myself suggest that large diversity differ-
ences can exist within a mussel bed. In addition, the
mussel bed habitat shows differences in its structural com-
plexity within a small geographic area. It can be struc-
turally simple, essentially mono-layered or structurally
complex, multi-layered. Attributes. of the internal environ-
ment, including physical and chemical features, vary accord-
ingly. One can effectively standardize the external vari-
abIes affecting mussel bed distribution, such as intertidal
height, substrate aspect, wave exposure; water mass and
current exposure, by careful selection of study areas. The
result is that only structural differences remain between
mussel beds. These structural differences can be measured
in terms of physical and chemical attributes of the mussel
bed habitat: mussel bed thickness, quantity of trapped
sediment, organic carbon content of the sediment, and other
features. The relationship between species diversity and
these structural features can then be examined. The pre-
9
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sence of a wide variety of species with varied biological
requirements suggests that several factors are likely to be
related to species diversity differences in the associated
community. By examining the entire community it is possi-
ble to look at several pertinent questions related to rnain-
tenance of alpha species diversity differences in a single
system.
Community structure and species diversity differ-
ences within the Mytilus californianus habitat were exam-
ined. The mosaic of these differences were then organized
into biologically meaningful patterns. Classificatory
techniques (Clifford and Stephenson, 1975) were employed to
organize the large quantities of data generated by this
study. General biological requirements of the mussel com-
munity taxa, related to shelter, food and habitat were
extracted from the literature (MacGinitie and MacGinitie,
1968; Reish, 1968; Hartman, 1968, 1969; McLean, '1969; Light
et al., 1975). These were translated into measurable
structural (physical and chemical) attributes of the mussel
bed habitat and included:
Mussel bed thickness
Number of mussel age classes
Quantity of trapped sediment
Mean sediment size
Phi sediment skewness
Phi sediment kurtosis
10
Organic carbon content of the sediment
Carbon/Nitroge~ ratio of the sediment
Sediment diversity
Quantity of detritus
Available intermussel space
Quantity of trapped shell and rock debris
From these structural features the most important variables
associated with community differences were determined by
means of multiple discriminant analysis (Green, 1971, 1972;
Smith, 1976). The important variables were then related to
the specific biological requirements of those species asso-
ciated with community structure and diversity differences.
11
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II. MATERIALS AND METHODS
A. Location and Description of Collection Sites
Mytilus californianus communities were sampled from
several structurally diverse mussel beds. The internal
habits of these mussel beds represented a range in complex-
ity, from structurally simple to structurally complex.
Communities were sampled ~rom three localities along the
central California coastline: Cayucos, Morro Bay and Mon-
tana de Oro (Figure 1). All are in San Luis Obispo County.
The Cayucos collecting site (Site E) is approximate-
ly 0.5 krn south of E Street in the City of Cayucos. The
area is composed of several large (approximately 15 m) rock
outcrops exposed to surf and surge action. The specific
collecting site is a long rock platform with a relatively
continuous bed of Mytilus californianus. The mussels cover
an area 15.0 m x 4.0 m. The substrate dips toward the
south at an angle of 100 off the horizontal. Samples were
collected from an area within the central portion of the
bed. The height in -the intertidal of the mussel bed was
surveyed and established by reference to a United States
Coast and Geodetic Survey bench mark (Appendix I, Table 8).
The Morro Bay collectUg site (Site J), exposed to
wave action, is located on the seaward side of the break-
water, adjacent to and south of Morro Rock (Figure 1). The
breakwater is composed of large boulders. The specific
collecting site is a large flat boulder (4.0 m x 5.0 m),
12
nI,
H,
I ~
i'
, I
DE ORO
Site
3
I
PACIFIC
OCEAN
:':::
."\,., ".;." '" '" ,.:;,.;;, ,:" "" , , \ ..~.~yucos
Site "::::.::.,
.....
":'.
'.~.
....
":~~.
o
I
longitude.
The city of Morro Bay is located at
350 24' north latitude 1210 49 1 west
I
I
1
I
I
I
I
I
I
I
I
I
I
I,
I
~
Figure 1 Location of collection areas.
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essentially horizontal, with only minor.surface irregulari-
ties. The areal extent of the mussel bed was approximately
4.0 m x 3.0 m. The height of the mussel bed in the inter-
tidal was surveyed and related to an established basepoint
(Appendix I, Table 8).
The Montana de Oro collecting site (Site L) is on
the seawardmost tip of a large rock outcrop in the center
of a shallow cove at the Montana de Oro State Park (Figure
1). The cove is exposed to direct wave and surge action.
The mussel beds at the collection area were continuous (2.0
m x 3.0 m) and extended over a relatively flat substrate.
No benchmarks were available and intertidal heights had to
be determined by fixing the study site to a known tidal
level on National Oceanic and Atmospheric Administration
tide charts. Several measurements over succeeding days
were recorded and averaged (Appendix I, Table 8). The rock
outcrop is inclined slightly to the northwest at an angle
of 100 off the horizontal.
B. Field Sampling Procedures
All samples were collected in a similar manner. The
only variation occurred in the number of samples from each
geographic locality. Nine samples were collected from
Cayucos (Site E), six from Morro Bay (Site J) and six from
Montana de Oro (Site L).
The areas sampled were subjectively chosen, and all
met the following criteria:
14
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The mussel bed was continuous.
The underlying substrate was relatively
horizontal •.
The mussel beds all occupied similar inter-
tidal heights.
An area in the central portion of the mussel
bed, free,from edge effects, was sampled.
All mussel bed samples displayed different
degrees of structural complexity.
The three localities, Cayucos, Morro Bay, and
Montana de Oro were sampled at low tide on July 16, 17, and
19, 1973, respectively.
Each sample was collected using the stainless steel
coring device illustrated in Figure 2. The corer sampled
a surface area of 300 cm2 • The saw-like teeth facilitated
cutting through the mussel bed to the underlying substrate.
The corer sampling apparatus fulfilled the following
criteria:
The device was capable of cutting cleanly
and rapidly through the shell of Mytilus
californianus.
The sample collected was quantitative and
repeatable.
The sample size was large enough to include
all characteristic mussel bed species.
The sample size was small enough to allow
15
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Figure 2 Stainless steel corer used in sampling.
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laboratory processing of the material in a
reasonable amount of time.
A meter square quadrat was placed on the area of
mussel bed to be sampled. By use of a random number table,
three points were selected for sampling. Additional points
were selected in a similar manner in adjacent areas of the
bed. This procedure was repeated at all sampling locali-
ties.
The· sample was cored and removed from the substrate
by sliding a wide faced "crow bar" between the bottom of
the mussel bed and the substrate. The core sample was then
transferred as intact as possible, with associated organ-
isms, sediment and detritus, into a labeled plastic bag for
transport to the field station. At the field station the
samples were placed in gallon jars and fixed in 15% forma-
lin for 24 hours. Following this, the sample was washed
under low water pressure for 24 hours and then preserved in
95% ethanol.
The mussel bed thickness, mussel bed dimensions,
substrate dimensions, substrate aspect and intertidal height
were measured at the time of collection.
c. Laboratory Procedures
1. Processing the biota
Following preservation, the mussels were separated
from the rest of the sample. Each mussel was individually
inspected and adhering animals and debris were removed and
17
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combined with the remaining unsorted s~ple. The sample
was hand sorted, separating all the macrofauna (~l rom)
from the sediment and debris. The animals were then identi-
fied to species and counted. Those organisms which repre-
sented undescribed species were given morphotype designa-
tions by taxonomic experts; e.g., Typosyllis "fasciata"
sp. A. Animals attached to the exterior surface of the
mussels were also identified and counted. All algae, both
free and attached to the mussels.{ surface were combined
with the detritus.
2. Processing the abiotic features
Abiotic features was a general designation applied
to internal physical-chemical attributes of the mussel bed
habitat. The abiotic features discussed in this section
were considered in the discriminant analysis (see Data
Analysis section).
a) Residual volume
Residual volume (defined as the inter-mussel space
which could be filled by associated fauna, sediment and
detritus) was determined for each sample. The mussels were
placed in a container of known volume. Gaping animals were
closed with rubber bands. The container was then quickly
filled with water from a graduated cylinder. The volume
that the mussels occupied was determined by subtraction
(VM in Appendix II). The total volume of the core sample
was calculated, using the standard formula for the volume
18
i I
"
, \
,~
r
i
l
f
II.
!
of a cylinder (Ve in Appendix II). The total residual
volume (VR in Appendix II) was calculated as the difference:
Vc - VM = VR
b) Available volume
Available volume (VA) was defined as the open inter-
mussel volume. It is differentiated from total residual
volume (VR) , by measuring,inter-mussel space not filled by
sediment and is calculated by subtracting sediment volume
from residual volume. This factor represented potential
space for non-sediment dwelling species (VA in Appendix II).
c) Number of age classes
The number of age classes of mussels in each sample
was determined in the following manner. The shell length
of all mussels (>2 rom) was measured and plotted on proba-
bility paper. The size range of each age class was deter-
mined empirically (Harding, 1949). This was done for all
mussels from each of the three geographic localities. The
number of age classes in each sample was determined from
the number of size classes represented in the sample.
d) Treatment of sediment and detritus
The sediment portion (all animals removed) of each
sample was washed through a 1 rom (O~) screen. The sediment
~l rom was collected in a pan; whereas the coarse fraction
material (shell and rock) >1 rom, and detritus were retain-
ed by the screen.
The coarse fraction and organic detritus were
19
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separated from each other by differential floatation. This
was accomplished by employing low water pressure and con-
stant swirling. Algal fragments and other debris were
floated off and separated from the heavier coarse fraction
material. Both the coarse fraction material and detrital
portions were examined microscopically and their composi-
tion recorded.
Following washing and separation, the sediment,
coarse fraction and detritus were dried at 1000C for 24
hours. The weight of each component was recorded following
the drying.
Coarse fraction material was also analyzed for pore
base volume, which gives a measure of the interstitial space
available between coarse fraction components. This was
accomplished by packing the dried coarse fraction into a
500 ml beaker and then filling the interstitial space with
water from a graduated cylinder. The volume of water needed
to fill the interstitial space was recorded. The sediment
( ~ 1 rom) was washed ·free of preservatives, using a technique
devised by Kolpack (personal communication): the sediment
was washed three times with warm distilled water, and the
process repeated with cold distilled water. The sample was
centrifuged between washings to prevent loss of suspended
sediment.
The dried sediment was split into two portions with
a S.E.P.O.R. microsplitter. Portion A was analyzed for
20
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sediment size and size distribution characteristics. Por-
tion B was chemically analyzed for organic carbon and nitro-
gen content.
e) Sediment size analysis (Portion A)
Two methods of sediment size analysis were employed
during this study. Samples which contained large quanti-
ties of sediment were analyzed with an automatic settling
tube (Felix, 1969~ Gibbs et~ al., 1971~ Gibbs, 1974).
Samples with small quantities of sediment were analyzed
with a graduated series of microcalibrated sieves (Folk,
1968). This technique was used so that sediment could be
retained for chemical analysis. Sanford and Swift (1971)
favorably compare settling tube analysis and calibrated
microsieve analysis of sediments. Sediment mean size,
skewness and kurtosis were calculated from the settling
tube and sieve analysis after the formulae of Inman (1952).
In addition, sediment diversity was calculated, using the
Shannon-Wiener index (Pielou, 1966) by substituting weight
percent composition ·of Phi (~) class intervals from the
size analysis (Gray, 1974) (Appendix II).
f) Chemical analysis of sediment (Portion B)
Chemical analysis for total carbon, carbonate carbon,
organic carbon, and nitrogen was performed on all samples.
Duplicate analyses were performed if adequate quantities of
I
sediment were available. All analyses were performed on
samples after they were ground into a fine powder with a
21
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mortar and pestle, and oven dried at lOOoC.
Carbon content of the sediment was gasometrically
determined with a L.E.Co. (Laboratory Equipment Corpora-
tion) carbon analyzer after the methods of Bandy and
Rolpack, 1963, (also see Rolpack and Bell, 1968).
Organic nitrogen content of the sediment was deter-
mined, using the micro-Kjeldahl .method (Kabat and Mayer,
1948; Bradstreet, 1965).
22
.1 '.
" ,
L
rlql}I
III. DATA ANALYSIS
Spatially distinct areas within the mussel bed habi-
tat contained different assemblages of organisms. These
assemblages were recurrent. The repetition was common
enough, so that actual patterns became evident. These
patterns were the result of differences in species composi-
tion and abundance. The prdering of these patterns allowed
subsequent elucidation of controlling factors.
This section deals with:
The quantification of species diversity
differences in the samples.
The classificatory techniques used to
organize the samples and species into
biologically meaningful patterns.
The discriminant analytical techniques
employed to relate the biological patterns
to abiotic features of the mussel bed
habitat.
A. Quantification cif Species Diversity
Species diversity o~ each mussel bed sample was
quantified by using direct species counts (Pianka, 1966;
Cody, 1974). This method was selected in preference to the
use of diversity indices such as the Shannon-Weiner or
Brillouin (Pie1ou, 1966). Diversity indices generally
combine measures of species richness and equitabi1ity of
il
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species abundance into one measure. This often results in
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index values dominated by numerically abundant species and
can produce ambiguous results which more reflect trophic
differences than species diversity differences. Moreover,
this weighting by abundance implies ecological importance
of numerically abundant species, and this is not always
desirable (Sanders, 1968; Hurlbert, 1971). The use of di-
rect species counts avoids the problems discussed above and
provides a biologically meaningful basis for interpreting
the diversity differences. The presence of a species
implies its occupation of a multidimensional niche (Hutch-
inson, 1957). An area with greater species diversity
implies either more efficient use of the available niches
or an area with a greater potential number of niche re-
sources or both. These alternatives are of primary concern
in this study.
B. Classification Analysis
Classification analysis permits the presence and
abundance of species .to define the areas in which they live.
The operative assumption is that optimal areas within a
habitat will be inhabited by greater abundances of a parti-
cular species. Areas with similar biota (both in species
composition and abundance) are assumed to provide a similar
microenvironment in terms of physical-chemical features.
Generally, classification groups entities by speci-
fic joint attributes. In this study two classifications
were performed. The mussel bed samples (entities) were
24
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classified by their species composition (attributes). This
was the "normal" analysis of Clifford and Stephenson (1975).
The "inverse" analysis classified the species (entities)
with respect to their distribution among the samples
(attributes) •
The classification analysis involved three basic
procedures. The first calculated an inter-entity distance
(similarity) matrix. The formula selected for this was the
"Bray-Curtis" index (Clifford and Stephenson, 1975). Its
desirable properties included the following:
Joint absences of attributes were ignored •
The index had an upper limit of one.
The index was sensitive to the scale of
the abundances (Smith, 1976).
The second procedure, commonly called sorting,
clustered the entities hierarchically into a dendrogram.
The strategy employed in this study is referred to as
"flexible". (Lance and Williams, 1966b).
The classification results were displayed graphi-
cally in a two-way coincidence table (Clifford and Stephen-
son, 1975). This procedure involved the construction of a
sample by species matrix, with entities arranged according
to the results of the classification analysis. The sample
order agreed with the results of the n0rma1 analysis, and
the species order with the inverse analysis results. The
abundance figures were replaced with symbols based on
25
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species maximum abundance (Smith, 1976). This symbolic
representation condensed the results of the classification
analysis, yet preserved the necessary information for inter-
preting the results.
C. Standardization, Transformation and Weighting of Data
In the. classification of ecological data, raw data
values must often be trans,formed or standardized prior to
analysis. This necessity arises because of the unequal
influence of, extremely abundant and rare species in the
calculation of ecological similarity (Clifford and Stephen-
son, 1975). It is necessary to scale down and normalize
abundance and distributional data so that no one species or
group will dominate the analysis. The nature of the Bray-
Curtis index makes it particularly sensitive to the pre-
sence of extremely abundant species in the samples. Smith
(1976) discussed the biological criteria which should be
considered in the selection of appropriate transformations
and standardizations. These included scaling factors and
the shape of species· distribution curves. The normal
classification analysis in ,this study was performed
following square root, species mean transformation of raw
data (Smith, 1976). The inverse classification analysis
was performed on square root, species maximum transformed
data (Smith, 1976).
Colwell and Futuyma (1971) discussed the problem of
unequal habitat sampling and the nonlinearity of resource
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states (abiotic factors) in relation to species overlap
(inverse analysis). They proposed a solution of weighting
based on information theory. Smith (1976) also demonstra-
ted that unequal habitat sampling negatively affected some
species standardizations, such as the species mean. Smith,
however, showed that the method of weighting proposed by
Colwell and Futuyma was deficient with ecological data and
he proposed a method of weighting based on sample unique-
ness. His method was employed in this study because it was
particularly well suited for use with ecological data and
was compatible with the Bray-Curtis index.
D. Discriminant Analysis
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l Weighted multiple discriminant analysis (Smith,
1976) was used to define the most important variables asso-
ciated with predefined group differences. In this study
the predefined groups were either sample groups which re-
suIted from the normal classification or samples containing
selected syllid polychaete species (Green, 1971). The
discriminant analysis produced a linear combination of the
measured abiotic variables which maximized the differences
between the predefined groups. The linear combinations
produced a discriminant axis. The proportion of each
element's contribution to the discriminant axis was indi-
cated by the absolute value of the coefficients of separate
determination (Hope, 1969; Smith, 1976) and were expressed
as a percentage of the total for that axis. The higher the
27
'i
II
Ii
'I
II
I~
coefficient of separate determination, the more influence
the variable had on the formation.of the discriminant axis.
After calculation of the discriminant coefficients, the
combination of dominant variables were interpreted as a
single factor (when possible) which was then related to the
ecology of the animals under consideration.
The variables considered in the discriminant analy-
sis were (see also Materials and Methods: Processing abiot-
ic features):
Mussel bed thickness
Dry weight of the sediment
Dry weight of the detritus
Total residual volume
Pore base of the coarse fraction
Mean sediment size
Phi sediment skewness
Phi sediment kurtosis
Organic carbon content of the sediment
Carbon/Nitrogen ratio of the sediment
Dry weight of the coarse fraction
Number of mussel age classes in the sample
Available volume
Sediment diversity
Prior to the discriminant analysis, variables with
distributions that departed appreciably from normality were
transformed (Cassie and Michael, 1968; Smith, 1976). These
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variables and their respective transformations are listed
in Appendix III, Table 9. In addition, correlation analy-
sis was performed on all pairs of variables (Appendix III,
Table 10). Highly correlated variables (R = .90) provided
redundant information, and one of the pair was eliminated
from the discriminant analysis (Green, 1971). Pore base
and dry weight of coarse fraction material were highly
correlated; therefore, only coarse fraction weight was in-
cluded in the discriminant analysis.
The results of the discriminant analysis were
plotted in two dimensional space. The sample groups from
the normal classification were plotted in relation to the
discriminant axes. The associated species diversity (for
all species and polychaetes alone) were indicated for each
sample on these plots.
Discriminant analytical methods were employed in an
attempt to determine how closely related species make
mUltiple use of the same limiting resources. Three con-
generic syllid polychaete species which co-occurred in
several samples were selected for this analysis. The
relative abundances of these species in· each sample were
indicated on plots of the samples in discriminant space.
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IV. RESULTS
A. Mussel Community Species Composition
The mussel bed samples collected during this study
contain a total of 106 species, from nine invertebrate
phyla. The species are too numerous to mention here but
are listed in the biotic data matrix Appendix III, Table
11. Three phyla, the Arthropoda, Annelida and Mollusca,
account for 79 percent of all the species. The polychae-
tous annelids are the dominant group and provide 38 percent
of the species (Table 1).
B. Mussel Community Sample Species Diversity
In all subsequent discussions, the samples are
designated with two arabic letters and one numeral. For
example, LAl is interpreted as: the geographic site L,
which is Montana de Oro, the quadrat label, which is A and
the core number, which is 1.
Species diversity values for the mussel community
samples range from a low of 18 species for samples LAl and
LA2 to a high of 46 species for sample JB3. The number of
species in each sample are plotted in Figure 3 in ascending
order. Samples LAl, LA2 and LA3 contain 18, 18 and 27
species respectively. Samples LBl, LB2 and LB3 contain 27,
23 and 22 species respectively. Samples EAI, EA2 and EA3
contain 41, 35 and 37 species respectively. Samples EBl,
EB2 and EB3 contain 42, 24 and 34 species respectively.
Samples ECl, EC2 and EC3 contain 31, 26 and 33 species
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Species Total Per-
Classifi- Number of Species in each phylum number cent
cation of of
Group MOLLUSCA ARTHROPODA ANNELIDA OTHER species total
A 2 - 8 3 13 12
B 7 3 8 7 25 24
C 1 - 2 1 4 4
D 6 11 3 3 23 22
E 5 2 11 2 20 19
F
-
1 2 2 5 5
G 1 2 2 4 9 8
H 2 - 4 - 6 6
Totals 24 19 40 22 106 --
Percent- 23 18 38 20 -.- 100
age of
total
I "Id'l
; r: iI '
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species groups.
Table 1 Phyletic composition of classification
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Figure 3 Species diversities of all samples
arranged in ascending order.
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respectively. Samples JAl, JA2 and JA3 contain 34, 41 and
25 species respectively. Samples JBl, JB2 and JB3 contain
36, 37 and 46 species respectively.
C. Classification Analysis Results
Community similarity analyses were performed on the
mussel bed samples, using classificatory techniques. The
analyses produced normal (sample) and inverse (species)
dendrograms, which were arranged into a two-way coincidence
table (Figure 4). The normal dendrogram contains clusters
of samples based on similarity of faunal composition. The
inverse dendrogram contains clusters of species with simi-
lar distribution patterns among the samples. The two-way
coincidence table contains both normal and inverse analyses
in a form which summarizes the results. The cells of the
two-way table display patterns which characterize sample
groups with respect to faunal composition and abundance.
The two-way table cells contain symbols representing rela-
tive abundances of the species. The relative abundance
scale is based on the species maximum standardized abun-
dance.
The species groups from the inverse analysis are
labeled with capital arabic letters for easy reference
(Figure 4). Each species g~oup contains many species.
These are not discussed individually here, but rather as a
group. In any particular group, the phylum to which a
selected species belongs may be obtained by referring
33
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directly to Table 11 (Appendix III).
The normal analysis groups (of samples) are labeled
with arabic numerals. The analysis produced four major
groups, labeled 1 through 4 (Figure 4). The primary normal
dendrogram division separates sample groups 1 and 2 from
groups 3 and 4. The secondary divisions in turn separate
group 1 from 2, and group 3 from 4 •. All sample groups
contain species from the Ubiquitous (or widespread) species
group D. These species are found in almost all samples.
The relative abundance of these species is slightly lower
in groups 1 and 2 than in groups 3 and 4.
Sample group 1 is composed of samples LAl, LA2, LA3,
LBI, LB2 and LB3. These samples are characterized by the
absence of species from groups A, C, F, G and H. Many of
the species, particularly in groups A, F and H, are poly-
chaetes (Table 1).
Sample gro~p 2 is composed of samples ECl, EC2 and
EC3. Sample group 2, like sample group 1, is characterized
by the absence of species from species groups A, C, F, G
and H. However, sample group 2 is distinct from sample
group I because it contains more species and higher rela-
tive abundances of species from species group B.
Sample groups 3 and 4 are generally characterized by
more species than sample groups 1 and 2. Sample group 3 is
composed of samples JAI, JA2, JA3, JBl, JB2 and JB3. The
samples are characterized by low (or zero) abundances of
36
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species from species groups A, B, F and H. These samples,
however, contain higher relative abundances of most species
from species groups E and G. The species from species
groups C and G are found only in the samples from sample
group 3.
Sample group 4 is composed of samples EAI, EA2, EA3,
EBl, EB2 and EB3. Sample group 4 is similar to sample
group 3 because it contains species from species groups D
and E in similar abundance to their representation in
sample group 3. However, sample group 4 is unique because
it contains samples with very high relative abundances of
species from species groups A, F and H. Sample group 4 is
also distinct from sample group 3 (as are sample groups I
and 2) because it contains no representatives from species
groups C and G.
D. Discriminant Analysis Results for All Species
The variables considered in the discriminant analy-
sis have already been discussed. The relative importance
of a variable in the construction of a discriminant axis is
indicated by the magnitude of its respective coefficient of ,
separate determination (Table 2). The most important
variables and their coefficients are indicated on the
discriminant axes (Figures 5 and 6). The sample group mean
scores for each variable are listed in Table 3.
The discriminant analysis results for the sample
groups, taken from the classification analysis, are dis-
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Abiotic Characteristic Axis
1 2
1. Mussel bed thickness .' 1.8 9.9
2. Dry weight of the sediment 24.6 34.4
-- --
3. Dry weight of the detritus 1.7 0.0
4. Total residual volume 1.1 5.7
5. Pore base 9.3 3.9
6. Mean sediment size 2.1 5.8
7. Phi skewness of the sediment 17.8 3.7
--
8. Phi kurtosis of the sediment 7.1 0.9
9. Organic carbon content of the sediment 0.0 0.3 ,
10. Carbon/Nitrogen ratio of the sediment 1.3 2.7
11. Dry weight coarse fraction 19.3 0.1
--
12. Number of mussel age classes in 12.1 15.6
--
the sample
13. Available volume 1.2 0.1
14. Sediment diversity 0.5 17.0
--
Table 2 Discriminant Analysis Coefficients of
J
Separate Determination for Sample Groups from
Classification Analysis.
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(g)*
4. Total residual volume (cc) * 60.683 23.333 47.083 54.550
5. Pore base (cc) * 3.548 4.243 4.042 4.171
Abiotic Characteristic
1. Mussel bed thickness (ern)
2. Dry weight of the sediment
(g)*
3. Dry weight of the detritus
6. Mean sediment size (rnm)
Classification
Sample Groups
123 4
2.750 3.667 6.083 6.750
0.530 5.142 4.327 4.588
1. 711 1.514 2.606 2.389
0.191 0.143 0.141 0.143
I
'I
7. Phi skewness of the sediment 0.263 -0.253 -0.017 -0.449
Phi kurtosis of the sediment -0.835 0.398 0.840 0.8558.
9. Organic carbon content
of the sediment* %
0.814 0.616 0.823 0.572 :1
!I
-~
-\-
::,1
10. Carbon/Nitrogen ratio
11. Dry weight coarse fraction
(g)*
12. Number of mussel age
classes in the sample
13. Available volume (cc)*
14. Sediment diversity HI
3.149 5.030 7.503 3.980
3.272 4.545 4.095 4.735
4.000 4.667 5.333 6.667
57.066 49.000 37.416 33.217
1.811 1.830 1.595 1.849
*Log transformed prior to analysis
Table 3 Discriminant Analysis Abiotic Means for
Sample Groups from Classification Analysis
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total species diversity indicated for each
sample: i.e., 42 EBI = diversity, sample.
I
I; Figure 5 Discriminant analysis axes with the
SW = dry weight of sediment, CF = dry weight
of coarse fraction, PS = Phi skewness of
sediment, SD = sediment diversity, AC =
number of mussel age classes.
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Figure 6 Discriminant analysis axes with
polychaete species diversity indicated
for each sample; i.e., 15 EBl = diversity,
sample SW = dry weight of sediment, CF =
dry weight of coarse fraction, PS = Phi
skewness· of sediment, SO = sediment
diversity, AC = number of mussel age
classes.
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played in Figure 5. Two discriminant axes provide ecologi-
cally interpretable separations of all sample groups. The
most important variables on discriminant axis 1 are:
The quantity of sediment (SW)
The quantity of coarse fraction material
(CF)
The pore base of the coarse fraction mater-
ial (PB)
The sediment size skewness (PS)
Sample groups 2, 3 and 4 are clearly separated from
sample group 1. This separation can be accounted for by an
examination of the group means for the important variables
(Table 3). The quantitative differences in the amount of
sediment is primarily responsible for the unique position
of sample group 1 on discriminant axis 1. This group con-
tains very small quantitites of sediment and the lowest
quantity of coarse fraction material among the sample
groups. The separation is further enhanced by differences
in the size distribution characteristics of the sediment.
The size distributions of the sediment from groups 2, 3 and
4 are skewed toward the coarser end of the size distribu-
tion (negative skewness). Sample group 1 sediment is
positively skewed toward the finer end of the sediment
distribution.
The most important variables on discriminant axis 2
are:
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The quantity of sediment (SW)
The sediment diversity (SO)
The number of age classes of mussels in the
mussel bed (Ae)
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Sample group 4 is positioned farthest away from the axes
intersection along discriminant axis 2 (Figure 5). This
group contains a moderate amount of extremely diverse sedi-
ment and the highest number of mussel age classes (Table 3).
Sample group 1 is positioned next along axis 2 approaching
the axes intersection. The relative position of this
group within the axes is governed primarily by the vari~
abIes on axis 1. The samples in this group contain small
quantities of sediment. The sediment is extremely diverse
and this affects the group's position relative to axis 2.
The intermediate position of sample group 3 on axis 2 is
influenced by the moderate quantities of low diversity
sediment and the intermediate number of age classes. The
position of sample group 2 close to the intersection of
both axes 1 and 2 appears to be primarily influenced by the
variables of axis 1. The relative position of this group on
axis 2 in relation to the important variables of this axis
is not entirely clear.
The cluster of resultant vectors in the upper right
hand corner of Figure 5 illustrates the direction of in-
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crease of the important variables. In addition, there is a
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vector illustrating the direction of increasing species
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diversity. The direction of increasing species diversity
corresponds to an increase in the quantity of sediment,
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the quantity of coarse fraction material, the increased
pore base and the negative skewness of the sediment. The
relation of sediment diversity to species diversity is not
simple. The association between these two variables is
only resolved by examining both the quantity of sediment
and its respective diversity in relation to species diver-
sity. This problem is discussed in greater detail below in
the section called Discussion Elucidation of Important
Habitat Variables.
The relationship between the number of age classes
and species diversity is noteworthy. The resultant vector
for the number of age classes approximates a right angle
with the vector for increasing species diversity. This
indicates that these variables approach independence and
suggests that diversity in the mussel bed is minimally
influenced by the ecological age of the mussel bed.
In general, ~he variables which contribute to a
discriminant axis are interpreted as a single factor which
relates to the ecology of the animals under consideration.
This is not always possible, depending on the variety of
organisms being studied. In this study the measured abiot-
ic variables affected most of the species. There is much
overlap in the exploitation potential of these variables,
both within and between the taxa examined. As an example,
46
l -----~--
I .
I ~ • .' .
.,
.~
..:...
• . ~ I
1! ~
sediment may serve either as a food source, a habitat, or
both, for many polychaete species. This makes absolute
interpretations of the discriminant axes impossible. The
following axes interpretations are very general and are
treated in greater detail in the Discussion.
Discriminant axis I is considered primarily a
habitat axis. The sediment provides substrate for many
groups of animals found in the mussel bed, these include
the Polychaeta, Sipunculida and some Mollusca. In addition,
a few selected species may consume the sediment with its
:associated organic material. The coarse fraction material
(Table 4), provides substrate for attachment; i~e., for
,
,tube-building polychaetes and barnacles. The pore base
space associated with the coarse fraction provides holes
'and spaces to live and and also affords protection. The
skewness of the sediment towards coarser particles of the
distribution also reflects habitat characteristics. The
second discriminant axis (Figure 5) is also habitat-related.
Sediment characteristics are dominant on this axis as they
are on the first axis. The quantity of sediment, combined
with its diversity, suggests that qualitative characteris-
tics of the sediment are primarily associated with special-
ized utilization of this resource as a habitat. The number
of age classes on this axis is interpreted as providing the
diversity of mussel sizes which contribute towards packing
of the mussels in the bed. This in turn affects the mussel
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1. Shell debris
a) Mussel shell fragments
b) Empty and worn-away shells (includes
snails, barnacles and mussels)
2. Small rocks and pebbles (> 1 rom diameter)
',;
" '.: 3. Broken and surf-beaten worm encasements
mussel bed.
is the "coarse" fraction material (> 1 rom
diameter) that is found trapped within the
Mussel Bed Coarse Fraction - ThisTable 4
4. Foreign objects such as glass, plastic
fishing line
.... /i':
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beds' ability to trap sediment and debris.
E. Discriminant Analysis and Polychaete Diversity
The polychaetous annelids account for 38 percent of
the species in this study (Table 1), and are the dominant
taxon in the unique species groups from the classification
analysis.
The total number of polychaete species in the
,l
I '. samples are plotted on the original discriminant axes
(Figure 6). The number of polychaete species increases
dramatically with an increase in the quantity of sediment,
the quantity of coarse fraction material and increased
negative sediment skewness. This is in general agreement
with findings ~or the total species, which is to be expect-
ed since the polychaete fraction is so important.
F. Discriminant Analysis of Congeneric Syllid Polychaetes
~ The results of the congeneric syllid discriminant
,I
•I
analysis are presented in Figure 7. The samples are plot-
ted in discriminant space, with the relative abundances of
each species indicated for the sample. Isopleths connect
samples with equal species abundances. The relative abun-
dances range from a low of 1 to a maximum of 9. The area
of highest density for each species is shaded on the
discriminant axes, Figure 7. The perimeter isopleth repre-
sents the lower limit of abundances and is set at 5 on the
abundance scale for convenience and clarity. The important
variables on axis 1 are the quantity of detritus (D), and
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Figure 7
pecies A
Distribution in terms of abundance with
Discriminant analysis of congeneric syllid
Polychaete species. Typosyllis "fasciata"
Sp. A, B, C. • = highest abundance, MBT =
mussel bed thickness, 0 = dry weight of
detritus, OC = organic carbon content of the
sediment, PS = Phi skewness of sediment.
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the mussel bed thickness (MBT), (Table 5). The dominant
variables on axis 2 are the mussel bed thickness (MBT), the
organic carbon content of the sediment (Oe), the quantity
of detritus (D), and the skewness (PS) and kurtosis (PK)
characteristics of the sediment.
51
;,
I
,r
\
I
Axis
Abiotic Characteristic 1 2
-, --,
l. Mussel bed thickness 27.6 16.9
-- --
2. Dry weight of the sediment 1.8 4.0
3. Dry weight of the detritus 32.3 12.1
- -
4. Total residual volume 6.8 2.6
5. Pore base 6.2 2.4
6. Mean sediment size 1.3 6.1
7. Phi skewness of the sediment 5.9 11. 7
--
8. Phi kurtosis of the sediment 7.5 12.1
--
9. Organic carbon content of the 0.9 16.1
--
sediment
10. Carbon/Nitrogen ratio of the 0.9 1.3
sediment
11. Number of age classes per 4.2 5.8
sample
12. Available volume 3.5 7.4
13. Sediment diversity 1.1 1.2
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Table 5 Congeneric Syllid Discriminant
Analysis Coefficients of Separate
Determination
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v. DISCUSSION
, .
, " A. Patterns in Mytilus californianus Community Structure
, ,
californianus (mussel. bed) habitat.
community structure and diversity exist
illustrated and organized in the two-way
table from the classification results (Figure 4) and indi-
: ~,.
I ~ and DiversityI"
I
I
wi Patterns in~
I
:",
~:
within MytilusJ. the
.~~
These patterns are
"
cate that biotic heterogeneity exists within the mussel bed.
Species with widespread distributions are represent-
1) ed in the ubiquitous species group D (Figure 4). These
species display similar abundances and distributions in all
i
,;
~
samples; hence they appear to have similar ecologic require-
ments. Species from this group are considered characteris-
,
I,
i
'It~~
{,
, ~
~. I,
r· t
tic mussel bed inhabitants since they occur in all the
mussel beds sampled independent of the structure of the
sample. These species may have either all of their ecolog-
ical requirements met in the areas examined or they have
less restricted requirements than most other mussel bed
species or both. This enables them to occupy a broader
range of environments than most other mussel bed occupants.
, !
Although the relative abundances of group D species
were similar, they were not identical. Sample groups I and
2 contained overall slightly lower abundances of species
from group D than samples from sample groups 3 and 4. This
suggests that although the basic requirements for habita-
tion are met by all samples, some areas of the mussel bed
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provide better combinations of resources.
The specific composition of species group D, com-
bined with general information about their ecological
requirements, aids in understanding why these species form
this ubiquitous group. The dominant phylum, the Arthropoda,
accounts for 11 of the 23 species in the group (Table 1),
and includes the barnacles Balanus cariosus, B. glandula,
Pollicipes polymerus and Chtharnalus dalli. Barnacles re-
quire a substrate to which they can attach, located in a
turbulent area where seawater and food are brought to the
sessile animal. These very basic requirements are provided
by Mytilus californianus. Additional Arthropoda include
the arnphipods Elasmopus rapax, Hyale plumulosa and Arnpithoe
simulans and the isopods Cirolana harfordii and Idothea P.
montereyensis. Limited information is available which
describes the specific food and shelter requirements of
these species. However, the mussel bed presumably provides
a protective canopy and internal microhabitat for these
motile species. The debris and detritus may provide food
for many such as Cirolana harfordii, which is known to
scavenge whatever it can find (MacGinitie and MacGinitie,
1968) •
The Mollusca comprise the second most abundant phy-
lum in species group D (Table 1). The predatory gastropod
Thais emarginata is included in this group. Thais feeds on
M. californianus as one of its primary prey {MacGinitie and
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MacGinitie, 1968). The limpets Collisella pelta and ~
digitalis are also found in species group D and utilize the
mussels as a substrate for attachment and a surface for
grazing.
Mytilus edulis is commonly found in bays and quiet
waters on the Pacific coast (MacGinitie and MacGinitie,
1968; Harger, 1971); on the Atlantic coast it is the eco-
,
,til
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logical equivalent of ~ californianus, forming mussel beds
in surf-swept areas. The presence of this species, in
species group D, with similar biological requirements to
M. californianus, is rather interesting in an ecological
context. The mussel bed canopy creates an internal matrix,.,l
free from direct wave action. In a setise, a "bay-like"
"
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environment has been provided, which appears to be a more
desirable habitat for M. edulis on the Pacific coast.
The natural history of many of the other species in
the ubiquitous species group is not well documented. As a
result, their specific requirements as provided by the
mussel bed, cannot be further discussed.
The remaining patterns depicted in Figure 4 are
formed by species groups that contain species which may be
regarded as specialists in that they do not or cannot in-
habit the total range of environments offered by the mussel
beds. The distributional limits of these species may be a
result of the absence of critical resources (both physical
and physiological) or result from competitive exclusion, or
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-both. Three of the remaining species groups are dominated
by annelids (Table 1). In all unique species groups the
polychaetes outnumber species from other individual phyla.
This is important because the most obvious patterns in
inter-sample diversity revolve around the differences in
the number of polychaetes. OVerall the polychaete species
account for 38 percent of all species encountered in this
study and exceed the second most ab~ndant phylum, the
Mollusca, almost twofold •.
Species group A is composed p~ima~ily of polychaetes
(~60 percent) and species from this group characterize
sample group 4 in high relative abundanc~s (Table 1). Over
65 percent of the species from species group B are either
polychaetes or molluscs (Table 1). Species group B charac-
terizes sample groups 2 and 4 in r~latively ~igh abundance
and consistency, with a few species occurring in lower
abundances in sample groups 1 and 3•. Species groups C and
G were unique to sample group 3 and conta~ned several poly-
chaetes. Species groups F and H were characteristic of
sample group 4. polychaetes also accounted for more than
50 percent of the species in these two species groups
(Table 1).
The unique species groups were primarily confined to
sample groups 3 and 4. Sample groups 3 and 4 are the most
diverse and cluster together on one half of the primary
dendrogram division (Figure 4). This pattern indicates that
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1the primary dendrogram division not only corresponds to the
unique species assemblages characterizing sample groups 3
and 4, but also to differences in species diversity associ-
ated with these groups. The bottom row of the two-way
table (Figure 4) gives the species diversity for each
sample. It illustrates clearly the split between samples
with diversity differences.
To summarize: community structure and species
diversity differences between samples primarily result from
differences in the unique species groups, and these contain
many polychaetes. The questions raised are:
1. What abiotic characteristics of the mussel bed
habitat correlate with the biotic sample
differences?
2. How do the important abiotic characteristics
relate to the biology of the polychaete species
associated with diversity differences?
B. Elucidation of Important Habitat Variables
The habitat variables considered in the discriminant
analysis were selected on the basis of their relevance to
the ecology of the animals which inhabit the mussel bed.
Each variable measured either directly or indirectly struc-
tural characteristics of the mussel bed pertaining to food,
living space or shelter for the associated organisms. The
discriminant analysis reduced the original list of vari-
abIes to a few, which in combination represented the vari-
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ables most consistently associated with the inter-sample
group differences.
Species diversity within the mussel bed was found to
increase corresponding to an incr~e in the (Figure 5):
Quantity of trapped sediment
Negative skewness of the trapped sediment
Quantity of coarse fraction material
Pore base of coarse fraction material
The general relationship of these variables to the ecologi-
cal requirements of the species is discussed below, based
on field and laboratory observations. However, the paucity
of natural history information for Il.lany,·of. the species pre-
cludes in-depth discussion of their specific ecological
requirements. Furthermore, different requirements for the
many species prevents interpretation of these variables as
a single factor (see Discussion section Species Diversity
and the Polychaeta).
Sediment provides the principal habitat for many of
the organisms inhabiting the mussel bed. These include
polychaetes and many molluscs; e.g., Polychaeta Naineris
dendritica, Notocirrus attenuatus, Mollusca Homalopoma
bacculum and Lasaea subviridis. In addition to providing
habitat, sediment also serves as a building material for
tube-dwelling polychaetes; e.g., Phragma~opoma californica
and Chane minuta. Sediment quality, combined with increased
sediment diversity, is correlated with increased species
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diversity (Figure 5). The habitat requirements for more
selective species are provided by the qualitative differ-
ences in the sediment diversity and the preponderance of
coarser sediment (negative skewness) in the diverse mussel
beds.
Coarse fraction material is primarily composed of
rock and shell debris packed into intermussel space (Table
5). This material provides habitats directly by supplying
substrate for attachment of sessile species; e.g., the
barnacles Chthamalus fissus, ~ dalli, Balanus glandula,
the worms phragmatopoma californica, Chone minuta and the
molluscs Collisella pelta, ~ scabra and Nuttalina califo-
nica. The associated "pore base" or interstitial space
also provides living area for many species by supplying
holes and pockets. These species' include .. the crustaceans,
Petrolisthes cinctipes, Pachygrapsus crassipes, the poly-
chaetes, Arabella semimaculata, Platynereis bicanaliculata,
and the sipunculan, Phascolasoma agassizii.
Sediment and' coarse fraction material perform dual
roles, providing habitat for some species and a food source
for others, or both. Sediment is used as a food by such
deposit feeding forms as the polychaetes, Naineris dendri-
tica and Fauveliopsis glabra, the echinoderm, Ophiopteris
papillosa and the sipunculan, Sipunculus nudus. The coarse
fraction material provides food by supplying a surface for
growth of encrusting algae and bacteria. Grazing limpets
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and chitons, including Collisella pelta, ~ scabra, Nutta-
lina californica and N. fluxa, forage on this substrate.
- -
C. Species Diversity and the Polychaeta
The polychaetous annelids comprised 38 percent of
all the species encountered in this study. In addition,
they·accounted for the majority of species in the "unique"
species groups, which are associated with diversity differ-
ences between samples. The original discriminant axes
(Figure 5) are presented in Figure 6, with polychaete
species diversities plotted for the various samples. The
species diversity trends noted for all species (Figure 5)
are repeated and amplified when only the polychaetes are
considered (Figure 6). Species diversity of the polychae~
tes increased in response to increa~quantity, diversity
and negat~ve skewness of the sediment as well as with in-
creased coarse fraction material. The lowest diversity of
polychaetes was noted for samples from sample group 1.
These samples also contained the lowest quantities of
sediment and coarse fraction material. Sample groups 3 and
4 contained moderate amounts of sediment, with the samples
from group 3 conta~ning siightly less than that of group 4.
This pattern would initially suggest that the more sediment
(which is diverse and skewed negatively) and coarse fraction
material (with its associated pore base), the more diverse
the polychaete fauna. However, sample group 2 contained
the highest quantity of sediment and the second highest
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quantity of coarse fraction material, yet there was not a
corresponding increase in the polychaete species diversity.
This may indicate that there is an upper limit to species
diversity independent of the quantity of sediment or coarse
fraction material. This can result from the inaccessibil-
ity of a limiting resource or reflect competitive exclusio~
or both.
While collecting in the field, I observed that the
sediment at the bottom of the sample· group 2 cores was dark
grey-black in color and smelled of hydrogen sulfide. The
sediment at the bottom of the cores had probably been
buried under successive layers of sediment transported into
the mussel bed. This may have retarded "mixing" and oxygen-
ation of the sediment, thus permitting anoxic conditions to
become established. The presence of hydrogen sulfide has
been recorded previously as a limiting factor (Smith, 1976;
Smith and Green, 1976) and is usually. indicative of less
desirable conditions (Perkins, 1957; Ramm and Bella, 1974).
The corresponding depressed polychaete species diversity
of the samples in group 2 may indicate that only a limited
amount of the measured sediment volume would be available
to organisms, due to the presence of hydrogen sulfide.
This would make the samples in group 2 resemble samples wfrh
much less sediment.
To summarize the preceeding discussions:
The majority of species diversity differences
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existing within the mussel bed habitat
can be explained in structural terms,
specifically in relation to the quantity,
size distribution, and diversity of the
sediment and the quantity of coarse
fraction material with its associated
pore base.
The majority of species diversity differ-
ences in the mussel bed· community are caused
by differences in the species diversity
of the polychaetes.
Species diversity of the po1ychaetes
increased (to an upper limit) with a
corresponding increase in the quantity
of sediment and coarse fraction material.
The upper limit to species diversity of
sediment inhabiting species, particularly
the polychaetes, may be set by developing
anoxic conditions and the presence of
hydrogen sulfide (or other reduced
chemicals) in trapped sediment.
The above discussion leaves two unanswered questions:
1. How are the sediment and coarse fraction being
exploited by the po1ychaetes?
2. How might these resources support more species
of polychaetes?
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The first question can be answered after examination
of the habitat and feeding requirements of all the poly-
chaete species (Table 6). As discussed previously, it was
impossible to decide on a single interpretation of the
important abiotic factors for all species because of the
variety of natural histories represented. However, when
the dominant group of polychaetes are considered alone this
decision is made easier. The two original alternatives for
exploitation of the sediment and coarse fraction material
were either food or habitat related. In Table 6, 50 percent
of the polychaetes are raptorial, 25 pe~cent are either
omnivorous or filter feeders, and only 25 percent are depen-
dent on sediment organics as deposit feeders (Dr. Kristian
Fauchald, personal communication*). Thus, 75 percent of
the polychaetes do not depend on the sedim~nt or coarse
fraction material for their nutritional requirements. An
examination of the habitat requirements for the species
reveals that they all require either sediment, rock or shell
debris or m~xtures of all three for a place to live. As a
consequence, the important structural characteristics of
the mussel bed which were associated with polychaete species
*These categories are very general and simplified. Dr.
Fauchald has indicated that these categories will most
likely be much more complex when the topic has been more
exhaustively studied.
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Table 6 Polychaeta Habitats and Modes of Feeding
Polychaeta Species
Boccardia columbiana
Arnage auricula
Arabella semimaculata
Chone minuta
Eulalia aviculiseta
Eulalia quadrioculata
Eunereis longipes
Fauveliopsis glabra
Genetyllis castanea
Halosydna latior
Hemipodus borealis
Nainereis dendritica
Mereis eakini
Habitat Mode of Feeding
(Hartman:
196B, 1969)
sand deposit feeder
mud-sand deposit feeder
sand-rock raptorial
sand-rock filter feeder
rock-sand raptorial
rock-sand raptorial
rock-mixed deposit. feeder
mud~shell debris deposit feeder
rock~rnixed raptgrial
sand-rock raptorial
mud-sand raptorial
mud-sand deposit feeder
rock omnivorous
Food Type
organics/detritus
organics/detritus
small invertebrates
detritus
small invertebrates
small invertebrates
organics/detritus.
organics
small invertebrates
small invertebrates
small invertebrates
organics/detritus
animal/plant/detritus
m
,;.. Mereis latescens rock omnivorous animal/plant/detritus
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Table 6 Continued Polychaeta Habitats and Modes of Feeding
polychaeta Species Habitat Mode of Feeding Food Type
\
Nereis pelagi~a neoni~ripes rock omnivorous animal/plant/detritus
Nereis vexillosa rock-mixed omnivorous animal/plant/detritus
Nereis !E- A rock-mixed omnivorous animal/plant/detritus
Notomastus tenuis mud-sand deposit feeder organics/detritus
Notocirrus attenuatus sand raptorial small invertebrates
Phragmatopoma californica rock-shell filter feeder detritus
Phyllodoc~ ferruginea mud-sand· raptorial small invertebrates
Platynereis bicanaliculata rock-mixed-shell omnivorous animal/plant/detritus
Schistocomus hiltoni mixed deposi t:: feeder organics/detritus
Thelepus crispus mixed deposit·~feeder:· organics/detritus
Typosyllis aciculata rock-mixed raptorial small invertebrates
Typosyllis adamanteus rock-mixed raptorial small invertebrates
Typ~syllis ~lternata rock-mixed raptorial small invertebrates
Typosyllis fasciata (A) rock-mixed raptorial small invertebrates
m Typo§yllis fasciata (B) rock-mixed raptorialc.n small invertebrates
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Table 6 Continued Polychaeta Habitats and Modes of Feeding
Polychaeta Species Habitat Mode of Feeding Food Type
Typosyllis fasciata (C) rock-mixed raptorial small invertebrates
Typosylli~ fasciata (0) rock-mixed raptorial small invertebrates
Typosyllis Qulchra rock-mixed raptorial small invertebrates
Nereis mendociana sand omnivorous animal/plant/detritus
--
Spiophones bornbyx mud-sand deposit feeder organics/detritus
Typosyllis arrnillaris rock-mixed raptorial small invertebrates
Branchiomaldane vincentii mud-sand-rock deposit feeder organics
Langerhansi~ heterochaeta mud-mixed raptorial small invertebrates
Glycera ca£.itata mud-sand-rock raptorial small invertebrates
Halosydna brevisetosa rock-mixed omnivorous animal/plant/detritus
T~osyllis hyalina rock-mixed raptorial small invertebrates
._. --_.- .
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Table 6 Continued Summary
Feeding Mode Number Percent
Omnivorous 8 20%
Raptorial 20 50%
Filter Feeder 2 5%
Deposit Feeder 10 25%
TOTALS 40 100%
i
i:[:
I
• J
',~
", ,,~~
II
\ I\'A i
'111
:}
~{I
I~ ,
.'
67
diversity are interpreted as primarily providing habitat
resources. Secondarily, they supply food for a limited
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number of species.
The second question relates to the problem of
species packing. Theoretical discussions by several 'authors
have addressed the multiple use of limiting resources by
increased numbers of species (Cody; 1966; Colwell and
FutuYma, 1971; Colwell, 1973; Piank~, 1974). Most of these
discussions assume equilibrium conditions, and suggest
essentially two alternate hypotheses which allow for in-
creased species packing in an area.- These hypotheses have
been advanced primarily to explain the diversity differ-
ences between tropical and temperate areas. They require
either increased specialization of species (reduced niche
size), or increased niche overlap (Pianka, 1974). These
hypotheses may provide an explanation for some beta species
diversity differences. However, Dock (1977) found no evi-
dence that either of these hypotheses actually accounted
for differences in bird species diversity between tropical
and temperate forests. Alternatively, he suggested that
the increased number of exploitable food resources in the
tropics supported the increased species diversity.
The present study of within habitat species diver-
sity differences did not assume that an equilibrium condi-
tion existed at the time of sampling. The mussel bed
habitat is not static and undergoes daily changes reSUlting
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from input of plankton, detritus and abiotic debris. This
produces the quantitative and qualitative patchiness of
resources shown to exist within the mussel bed. It was
also revealed that species diversity differences correspond
to specific quantitative differences in sediment and coarse
fraction resources. The fact that there is regular input
of both planktonic and detrital food resources suggests
that food probably is not a limiting factor. However, the
specific utilization of food resources provided by sources
external to the mussel bed was not examined- in this study.
The availability of substrate in the intertidal has
been discussed as a limiting factor by many authors (Paine,
1966, 1974; Dayton, 1971; Connell, 1972). This study has
shown that the mussel bed habitat functionally increases
the resource. These results suggest that· increased quanti-
ties of potentially limiting resources account for mainte-
nance of diversity differences within a habitat. These
findings agree with those of Dock (1977), who demonstrated
that increased resources supported increased diversity
between habitats.
The niche modification theories (Pianka, 1974) dis-
cussed previously cannot be ruled out as possibilities in
the maintenance of diversity differences. However, one
would not expect major changes in niche breadth of popula-
tions of species in close geographical proximity to each
other. In addition, most species within the mussel bed
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habitat probably overlap in one or more niche requirements
(Figure 7), and thus are not likely to compensate for in-
creased diversity by changing the degree of this overlap.
The potential use of increased sediment and coarse
fraction material resources can be enhanced by spatial
partitioning within the mussel bed. The mussel bed matrix
in fact physically divides the inter-mussel space into
microcells filled with sediment and debris. In addition,
the coarse fraction material, particularly large pieces of
shell debris and empty shells, co11ect pockets of spatially
segregated sediment. These all provide the framework for
mUltiple use of sediment and coarse fraction material.
Nichols (1970) and others (Sanders, 1958; Fenchel,
1975) have demonstrated selectivity of polychaetes and
'other invertebrates with regard to the preferred sediment
size which they inhabit or consume. In this study, sedi-
ment diversity was tied to the quantity of sediment, and
both correlated with species diversity differences. When
adequate quantities o~ sediment are present increased sedi-
ment diversity provides another dimension along which this
resource can be selectively exploited. This particular
method of mUltiple resource use would be important in the
occupation of an area by species with similar ecologic
requirements, such as congeneric species. One would expect
congeneric species to have evolved resource utilization
curves which minimize overlap and therefore competition
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within a specific habitat.
The family Syllidae was well represented within the
mussel bed habitat and provided an opportunity to investi-
gate multiple resource use. The occurrences of three con-
generic syllids were examined with respect to the same a-
abiotic variables considered in the. total community
discriminant analysis. These species are distinguishable
on. morphological characteristics and are designated ~-
syllis fasciata "A", "B" and "e" for convenience (pending
future taxonomic description ~ Fred. Piltz, personal
communication).
The samples containing the syllids are plotted in
discriminant space with isopleths connecting samples with
similar abundances for each species (Figure;.7). The areas
'of highest relative abundance for each species are shaded
for easy identification.
The first discriminant axis incorporates two domi-
nant factors, the quantity of detritus and mussel bed
thickness (Figure 7) •. The detritus is generally considered
a potential food source for some mussel community inhabi-
tants; however, the sy11ids are raptorial (Table 6) and
therefore are not likely to consume detritus. The detritus
may serve as a food source for prey species of the syllids
and thus secondarily the quantity may relate to the distri-
bution of the syllids. The mussel bed thickness is related
to spatial separation and thus to differing requirements for
71
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insulation of the syllid species.
The second axis of Figure· 7 is composed of several
important elements. The mussel bed thickness, combined
with the qualitative characteristics of the sediment size
distribution, appears habitat related. However, the
quantity of detritus and the sediment organic content are
measures of food resources, and again may represent food
sources for prey species.
There is general overlap in the distribution of the
three syllid species among the samples. However, the areas
of highest abundances for each species are offset. This
suggests that the optimal or peak conditions for each
species may be different. The degree of overlap in the
measured niche dimensions is considerable, but nutritional
requirements, such as prey selectivity, provide other
potential dimensions for separation. The measured features
illustrate the fine partitioning of living space among
congeneric species. This habitat separation alone would
reduce interspecific encounter, reducing competition, and
reasonably insuring coexistence~
These findings can logically be extended to explain
multiple habitat use by other polychaete species. The
structurally more complex mussel beds have quantitatively
more potential habitats. The sediment and trapped coarse
fraction material offer physically distinct habitat re-
sources. On a microscale additional species (increased
72
diversity) probably occupy the range of these habitats by
spatial and qualitative separation within the three dimen-
sional structure of the mussel bed.
D. Further Consideration of Mussel Bed Habitat Character-
istics
Many aspects of mussel bed structure were measured
during this study. Of these factors, only a few appear to
be correlated with species diversity differences. It is
informative to consider: Why were the remaining physical
variables not correlated with the observed community
structure and species diversity differences?
Mussel bed thickness indirectly measured the
insulating properties of the mussel bed. One would expect
that, in addition to insulating against wave and surge
action, mussel bed thickness would also correlate with the
sediment and debris retention properties of the mussel bed.
These features were not correlated; for example, sample
group 2 contained the largest mean quantities of sediment
and debris, but the mussel bed samples were not correspond-
ingly thick (Table 1). The retention properties are proba-
bly tied to some other factor, such as packing of the
mussels and their associated byssus thread matrix.
The insulating properties provided by increased
mussel bed thickness are consistent through all the mussel
beds. The mussels of all mussel beds provide a canopy
which dampens wave and surge action as well as insulates
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against extreme temperature changes and the possibility of
dessication. As a result of the consistency of these
properties among all mussel beds, it is clear that this
feature cannot be associated with major community differ-
ences between mussel beds.
Mussel bed residual volume and available space were
measures of intermussel space that could be filled with
organisms, sediment and detritus. Intuitively, these
features were considered relevant variables that would
correlate with species diversity differences since other
authors (Connell, 1964; Paine, 1966; Dayton, 1971) have
demonstrated space to be a limiting factor in the inter-
tidal. This correlation did not materialize; for example,
samples of group 1 with the lowest species diversities
displayed the highest residual· volume (Table 4). The
assumed relationship between residual volume and "trapped"
sediment and debris did not hold. This suggests that inter-
mussel space alone cannot control species diversity differ- '
ences. The packing of the mussels, which affects the
retention properties, appears to be the important factor.
The remaining internal features considered, that
were not correlated with species diversity differences,
were primarily food related. These included the quantity
of detritus, the organic carbon content of the sediment, and
the carbon-nitrogen ratio of the sediment.
The detritus was plant material composed primarily
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of algal fragments and some terrestrial plants (Table 7).
Detritus in various stages of decomposition represents a
potential food source for some resident species. The
Amphipoda are among the species which exploit this resource
for food (MacGinitie and MacGinitie, 1968). These species,
although they did not account for a major portion of
species diversity differences, did display a notable trend.
The Amphipoda are listed in Table 11 (Appendix III); note
their lack of representation in samples ECl, EC2 and EC3.
These samples form sample group 2 on the classification and
discriminant analysis figures (Figures 4 and 5). The group
mean for detritus from sample group 2 (Table 4) was the
lowest among the samples; a corresponding low number (rare
occurrence) was recorded for the amphipods. The poly-
chaetes, which accounted for the major species diversity
differences, were generally not dependent on the detrital
material, and this was reflected by the minimal influence
this variable displayed in the formation of the discrimi-
nant axes.
As discussed previously, only a small fraction of
the polychaetes were deposit feeders (Table 6). Thus
organic carbon content and the carbon-nitrogen ratio of
the sediment should play a minor role in determining the
distributions of the polychaetes. In fact, this minimal
dependency on the sediment as a food source for the poly-
chaetes is reflected in the limited influence these vari-
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1. Marine algal fragments, includin9 hold-
fasts and stipes. (Common species
include Phyllospadix sp., Corallina sp.,
Gigartina Spa and Ulva sp.).
2. Vegetation of terrestrial origin (e.g.,
leaves, seeds and branches) •
Byssal threads.
material trapped within the mussel bed.
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3.
Table 7 Composition of the detrital
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abIes had on the construction of the discriminant axes for
the total fauna.
In the mussel beds examined, sediment and coarse
fraction characteristics were highly correlated with differ-
ences in the community structure and species diversity. It
is entirely possible that some of the factors discussed
above, and others not measured, could control diversity
differences in different mussel beds. As an example, in
areas with poor sediment sources, i.e., no adjacent sandy
beaches or adjacent sandy shallow subtidal, species which
are not dependent on sediment should account for the major
species diversity differences. Thus other structural
characteristics of the mussel bed habitat would attain
importance in controlling community structure and species
diversity.
E. Hypothetical Extensions of the Findings of this Study
Mussel bed community structure and diversity were
correlated with quantitative and qualitative differences in
the sediment and coarse fraction structural aspects of the
mussel bed habitat. The relation of these features to the
biological requirements of the animals were discussed
earlier. Here the empirical findings are integrated into a
general explanation of mussel community structure and
diversity. Consideration is given to the following points:
The extension of findings from the
restricted geographic area of this study
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to mussel communities separated by
greater geographic areas.
The factors which influence the structural
and biological mosaic within the mussel
bed habitat.
Arrangement of the biological and
structural mosaic into a dynamic model
of mussel community organization.
The effects of habitat-limiting features
on community diversity •.
The present study was aimed at-eheelucidation of
major factors controlling local species diversity differ-
ences within a habitat. One would predict, as a result of
this study, that similar species assemblages would be
repeamd in mussel bed habitats separated by greater geo-
graphic distances. Ecological equivalents adapted to
different physiological conditions would.be expected to
replace species encountered in this study. Generic and
specific replacements which are habitat-specific but not
necessarily locality-specific would be expected to fulfill
the ecological roles of their counterparts. Members of the
Ubiquitous species group (group D), because of their
generalist nature, would be expected to span greater geo-
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the ubiquitous species should predictably occupy other
graphic distances than the more specialized species. Thus
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mussel beds within the geographic range of M. californianus.
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The structural characteristics associated with species
diversity differences would be expected to affect diversity
in a similar way in geographically separated mussel beds.
However, as previously discussed, other factors may control
diversity when sediment and coarse fraction material are
absent or in very low quantities, and this may confuse the
issue in certain locations.
The within habitat patterns of species diversity
disclosed by this study are illustrated in Figure 8. This
diagram depicts the observed patterns in a hypothetical
sequence of increasing diversity corresponding to increased
structural complexity of the mussel bed.
Stage 1 of the diversity sequence (Figure 8) illus-
trates a mussel bed habitat (similar to sample group 1
Figure 4) with low structural complexity. The species
diversity is correspondingly low. The species found in a
mussel bed similar to this would be primarily "ubiquitous"
species; e.g., species group D Figure 4. These species are
generalists and are dep.endent on the mussels primarily as
substrate. Species with more specialized habitat and food
requirements are generally absent or rare in mussel beds
with this structure.
Stage 2 (Figure 8) illustrates a mussel bed habitat
with moderate structural complexity. The mussel bed itself
is physically more tightly packed with greater sediment
retention properties than mussel beds in stage 1. The
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Figure 8 Illustration of the relationship between mussel bed
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structural complexity and mussel community diversity.
Hypothetical sequence based on the results of this study.
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result is that moderate quantities of sediment, coarse
fraction and detrital material are trapped within the mus-
sel bed matrix. These materials increase the complexity of
the internal mussel bed habitat and provide additional
resources which can be exploited by more specialized
species, resulting in increased species diversity. The
increase'in species may occur in all groups; however, it is
primarily reflected in the numbers of'polychaetes.
, Stage 3 of Figure 8 represents a more advanced state
of complexity of the mussel bed habitat. Sediment and
coarse fraction material trapped within the mussel bed
matrix, are high. In addition to increased quantitative
differences, qualitative differences in the sediment char-
acteristics have developed. The sediment is more diverse,
and the size distribution is skewed toward the coarser sized
particles. These features provide additional resource
dimensions which support a more diverse fauna, especially
among polychaetous annelids which utilize the sediment and
coarse fraction material primarily as habit~t substrate.
Sample groups 3 and 4 of Figure 4 illustrate this situation.
The level of structural complexity at this stage supports
the highest species diversity.
Stage 4 of Figure 8 represents the upper limit in
mussel bed habitat complexity. Sediment, coarse fraction
and detritus have reached very high levels. The lower
layers of sediment have become buried under succeeding
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layers; consequently anoxic conditions have developed.
This results in the decreased suitability of this substrate
as a habitat. The diversity of the sediment dwelling organ-
isms may decrease since their numbers are not solely depen-
dent on the quantity of sediment alone but rather volume
and quality of the sediment. For example, the diversity of
polychaetes in samples from sample group 2 Figure 4.
Compared to stage 3, the stage 4 level of structural
complexity supports equal or somewhat lower species diver-
sity.
Stage 5 of Figure B is a hypothetical end point in
the sequence describing species diversity in the mussel bed
habitat. As described for stage 4, extremely high sediment
levels result in minimal turnover and aeration of the
bottom layers of sediment. As a result of this process
and the accumulation of sediment, the "original" layer of
mussels attached to the primary substrate become buried.
Through time their filter feeding and respiratory activi-
ties are inhibited by the fouling sediment, and ultimately
they die. The mussel bed is now vulnerable to wave and
surge action, 'which can rip large clumps of the mussel bed
off the substrate (Dayton, 1971). The result is eventual
removal of the entire mussel bed habitat and a reduction of
species diversity to zero. The bare primary substrate is
now available for new colonization and the sequence leading
to an established mussel bed community.
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The sequential series described above was formulated
from the results of this study. Past studies on the mussel
community. were primarily concerned with recolonization
(Hewatt, 1934; Reish, 1966; Cimberg, 1975). Cimberg (1975)
found species diversity, measured by the Shannon-Wiener
Index, decreased as the stratification. (structural thick-
ness) of the mussel bed increased. ,This result superfi-
cially contradicts the findings of '_ this study. If Cimberg's
results are re~calculated, based on the;numher of species
alon~, the opposite pattern is disc10sed~- Species diversi-
ty increased with stratification and presumeq structural
complexity. His findings are therefore consistent with
those of this study. Paine (1966) concluded that the
occupation of primary space by M. californianus beds
r~duces intertidal diversity. Howev~r, P~~neiconsidered
only large visible organisms which comp§te for primary
substrate with Mytilus californianus. He failed to consi-
der the addition of secondary space (the mussel surfaces)
and tertiary space (inte:rmussel substrate), both of which,
as this study suggests, support increased species diversity.
The overall species diversity differences, particu-
larly those reflected by polychaete species among the
samples, can be attributed to an increased resource base.
Increase in heterogeneity of the important variables in
the habitat, as revealed by the discriminant analysis, pro-
vided an increase in potential niches to be utilized by
83
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additional species. The results f~r the syllids indicate
" j',
that quantitative and qualitative differences in the sedi-
ment and coarse fraction material provide additional re-
sources or a wider range of resource dimensions which may
be utilized and subdivided by a greater variety of species.
Abele (1974) in a beta study of species diversity demon-
strated that species diversity of.Crust~ce~. increased with
the number of substrates in a habitat. ,.:~p this study a
simila~ trend was demonstrated with~n·~he mussel bed
habitat. This provides empirical evid~nce to support
MacArthur's (1965: p. 522) suggestion that "local variation
in within-habitat diversity is. expecte~ to be explainable
in structural terms." Furthermore, these "structural
terms" were defined with respect to biologically meaningful
habitat characteristics directly related to the ecological
requirements of the organisms considered.
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VI. SUMMARY &~D CONCLUSIONS
Mytilus californianus (Mollusca: Bivalvia), the
California marine mussel, occurs in intertidal populations
so deri~e that they are referred to as "Mussel beds." The
mussel beds range in physical complexity from structurally
simple, essentially mono-layered ass~mblages, to structur-
ally complex, multi-layered assemblages. The internal
environment within the bed varies accordingly. The mussel
bed provides either directly or indiiedtly, habitat, food
and shelter for a large community of as'sociated inverte-
brates~ This study examines the relationship between
physical complexity of the mussel bed habitat and composi-
tion of the associated community.
Mussel beds representing various degrees of struc-
tural complexity were sampled from intertidal areas in
central California. The associated invertebrate community
was identified and enumerated. Quantitative and qualita-
tive characteristics of the mussel bed environment which
provide food, habitat .and shelter for the associated com-
munity were measured. These features included size, size
distribution and chem~cal characteristics of the trapped
sediment and debris as well as available intra-mussel space.
Classificatory analysis of the biotic data revealed
community differences both in species composition and
abundance between the mussel beds. All mussel beds con-
tained certain ubiquitous species, while the more complex
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ones included a greater variety of species that were more
restricted in terms of their distributions. In general,
the restricted or unique species were primarily polychae-
tous annelids.
Multiple discriminant analysis was employed to
determine the most important mussel bed features associated
with community differences. The quantity, diversity and
negative shewness of the trapped sediment, as well as the
quantity and interstitial space of shell and rock debris,
were associated with community differences. Greater
quantities of these resour~es supported increased species
diversity. The important physical features were inter-
preted as primarily providing microhabitats for the domi-
nantgroup of polychaetes.
An apparent upper limit to species diversity was
disclosed. The limiting factor appeared to be the presence
of hydrogen sulfide in trapped sediment.
Multiple use of the same microhabitat by three
congeneric syllid polychaete species was investigated. The
syllid distributions overlapped with respect to particular
mussel bed characteristics; however, their areas of peak
abundance were offset. These results suggested that
competitive interactions were reduced by spatial separation
within the habitat.
A model reflecting increased species diversity with
greater structural complexity of the mussel bed habitat is
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IA2 IA3 181 LB2 La'3,
3.0 2.5 3.5 2.5 2.•0
1.0 6.0 1.0 1.4 1.1 .
3.1 6.9 6.2 16.5 4.7
668.8 628.7 721.6 495.2 355
666.8 619.7 719.6 492.6 352.9
26.0 24.0 25.0 42.0 47.0
0.197 0.150 0.194 0.199 0.198
.30 -.16
.27 .47 .40
-.96 -.55
-1.05 -.67
-.88
1.717 .517.
.325 .038 1.636
5.59 2.52 I
.80 .087 6.54
1.775 2.110 1.766 1.717 1.767
22.9 26.4 15.8 32.1 14.3
4 4 4 4 4
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APP~DIX I
Table 8 Continued Abiotic Data Matrix
CHARACTERISTIC
SANPLE
JAl JA2 J:A3 .JBl JB2
Mussel Bed Thickness (em) 5.5 5.0 6.0 7.0 6.5
Dry Weight Sediment (g) 45.4 39.9 123.3 396.3 29.9
Dry Weight Detritus (g) 9.5 13.0 10.7 40.0 6.3
'l'ota1 Residual Volume (cc)1007.3 880.8 1157.8. 1314.6 1044.9
Available Volume (cc) 953.3 839.8 1052.8 968.6 1008.9
Pore Base (cc) 58.0 58.0 46.0 108.0 34.0
Mean Sediment Size (mm) 0.132 0.130 0.143 0.129 0.171
Skewness of Sediment(~) -.04 - 0.01 -.21 .505 .01
Kurtosis of Sediment (;) 1.19 1.025 .965 .48 -.215
Organic Carbon Content .745 .8745 .652 .322 .611
of Sediment (%)
Carbon/Nitrogen Ratio 4.74 5.27 14.8 5.91 5.7
of Sediment
Sediment Diversity 1.470 1.541 1.737 1.452 1.682
Dry Weight Coarse 59.8 56.3 51.8 132.3 31.1
Fraction (g)
Number of Age Classes 5 5 6 6 5
in Sample
Intertidal Height (m) 1.83 1.83 1.83 1.83 1.83
APPENDIX I
Table 8 continued Abiotic Data Matrix
SAMPLE
CHARACTERISTIC .nu. JA2 JA3 JBl JB2 JB3 tAl. IA2 IA3 1m LB2 IS3•
Mussel Bed Thickness (em) 5.5 5.0 6.0 7.0 6.5 6.5 3.0 3.0 2.5 3.5 2.5 2.0~~.
Dry Weight Sediment (g) 45.4 39.9 123.3 396.3 29.9 71.3 2.6~ :~. 1.0 6.0 1.0 1.4 1.1
•. ',JI
".,
Dry Weight Detritus (g) 9.5 13.0 10.7 40.0 6.3 18.6 2.8 ~" 3.1 6.9, " 6.2 16.5 4.7~,
Total Residual Volume (cc)1007.3 880.8 il57.8. 1314.6 1044.9 1277.1 494.8 '~'. 668.8 628.7 721.6 495.2 355.
Available Volume (cc) 953.3 839.8 1052.8 968.6 1008.9 1201.1 490.8 : 666.8 619.7 719.6 492.6 352.9'..
Pore Base (cc) 58.0 58.0 46.0 108.0 34.0 60.0 57.0 ',,6 26.0 24.0
"
25.0 42.0 47.0
.'
Mean Sediment Size hum) 0.132 0.130 0.143 0.129 0.171 0.139 0.2Qli,~ 0.197 0.150 0.194 0.199 0.1981.
, ..~
Skewness of Sediment (~) -.04 - 0.01 -.21 .505 .01 -.355 .30 ~.~ .30 -.16
.27 .47 .40
.
',:,J,
Kurtosis of Sediment (,) 1.19 1.025 .965 .48 -.215 1.595 -.90:t;A. -.96 -.55
-1.05 -.67 -.88;~,
Organic Carbon Content .745 .8745 .652 .322 .6il .967 .655~" 1.717 .517
.325 .038 1.636
-"'.
of Sediment (%) .;:<>
',,;.
carbon/Nitrogen Ratio 4.74 5.27 14.8 5.91 5.7 8.60 3.36 ,,:,j:. 5.59 2.52
.80 .087 6.54
of Sediment .
'':':,
Sediment Diversity 1.470 1.541 1.737 1.452 1.682 1.686 I. 732~: 1.775 2.UO 1.766 1.717 1.767
..~ :
Dry Weight Coarse 59.8 '56.3 51.8 132.3 31.1 65.4 76.4 ",'. 22.9 26.4.' 15.8 32.1 14.3
Fraction (q)
Number of Age Classes 5 5 6 6 5 5 4 4 4 4 4 4
in Sample
Intertidal Height (m) 1.83 1.83 1.83 1.83 1.83 1.-83 1.52 1.52 1.52 1.37 1.37 1.37
.j
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Formulae
APPENDIX II
volume of mussels (VM)
to fill the container with mussels inside =
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Calculation of core sample volume (VC)
Vc = 1f r
2h
Vc = core sample volume
'f( = 3.14 (Pi)
h = mussel bed thickness
2)
r = core radius 9.75 cm
3) Total residual volume (VR)
Vc - VM = VR
B) Calculation of available volume (VA)
1) VR - Vs = VA
VR = total residual volume
Vs = sediment volume
VA = available volume
C) Calculation of sediment diversity
HI = ~ (P i log2Pi)
i=l
A) Calculation of total residual volume (VR)
1) Calculation of mussel volume (VM)
Total container volume minus volume of water used
._-------------------_......
1
I •.
H' = Diversity of the sediment (Shannon-Wiener
index)
P = Proportion of sediment size class i in
the sample
S = Number of sediment size classes
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APPENDIX III
A. Table 9 Transformations of Abiotic Variables
'. Abiotic Variable Transformation
1)
2)
3)
4)
5)
6)
7)
8)
9)
Mussel Bed Thickness
','Dry Weight of Sediment
( ~ \
Dry Weight of Detritus
Residual Volume
,~......: . :,
Pore Base
Mean Sediment Size
:.~..
PHI Skewness
PHI Kurtosis
.. ' -t- •OrgaoJ.c Carbon
None
Log
Log
Log
Log
None
None
None
Log
10) Carbon/Nitrogen Ratio
11) Dry Weight of Coarse Fraction
I
12) Number of Age Classes Per Sample
.. -
13) Available Volume-
14) Sediment Diversity
,None
Log
None
Log
None
98
i I
;9. ~:rganic Carbon of the -0.31 -0.41 -0.43 0.22 -0.38 0.18 0.19 -0.22 1~{)0':
Sediment
4. 'J:Qta,1. Residual Volume -0.14 -0.33 -0.04 1.00
5. ;Pore Base 0.55 0.72 0.48 -0.21 1.00
6. ,Mean Sediment· Size -0.55 -0.79 -0.48 0.31 -0.35 1.00
APPENDDC III
B. TabLe 10 Correlations of Abiotic Variables
1. ,Mussel Bed Thickness 1.00
1.00
.33 1.00 ..
;';' ---
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.~:.0.79 0.81 0.62 -0.12 0.72 -0.71 -0.72 1.00
0.20 0.29 0.08 O.lS 0.13 -0.30 -0.20 0.38 Q.~~~, .a.on
·P:·.~.::~·~
.. ~r ...-
.0.67 0.82· 0.45 -0.21 0.91 -0.47"-0.57 0.76 -Q~'SJ:'~~Q~o:l!~
.r ·:.it ,. '. :. /
. ,:4... .
0.74 0.60 0.47 -0.14 0.29 -0.61 -0.55 0.51 -O~'~'l;:;,;9,,,Q~.::J
0.6~ 0.51 1.00
0.73 1.00
. .,:.
-0.43 -0.25 -0.22 0.27 -0.01 0.39 0.56 -0.42 0.00 ·-Q.D9·~
'..;' ,' •• :. :lrl
-0.28 -0.14 -0.40 0.01 -0.34 0.13 -0.33 -0.30 -0.0~;~~.2i.:..
-0.58·-0.62 -0.14 -0.14 0.38 0.60 1.00
sediment
Sediment
10. Carbon/Nitrogen Ratio
of the Sediment
11. Dry Weight Coarse
.Fracti~:>n
12. Number of Mussel Age
Classes Per Sample
13. Available Volume
14. Sediment Diversity HI
B. Phi Kurtosis of the
7 • 'Phi Skewness of the
Detritus
2. Dry Weight of the
Seciiment
3. DJ;Y Weight of the
C\'\
II_" 'a· ......",·r"z .._~J!L....=..
APPENDIX IV
~ .
:';-1
Table 11 Biotic Data Matrix ';"
.!
EAl EA2 EA3 EBI EB2 EB3 ECl EC2 EC3 "VAl JA2 JAJ JBl JB2 JB3 LAl LA2 LA3 LBl LB2 LB3
'hylum Annelida
:lass Polychaeta
Boccardia columbiana 1 1
Amage auricula
Arabella semimaculata 2 1 27 18 3 9 11 8
*
7 2
Chone md.nuta 2S 12 33 94 4 10 , 2 6 11 8 S 3 1 3 1
Eulalia aviculiseta 4 1 1 2 2 3
Eulalia quadrioculata 1 6 1
Euneris longipes
1
Fauveliopsis ~labra
Genetyllis castanea (?) 2 2
Halosydna latior 2 3
Hemipodus borealis 8 2
Naineris dentritica 4 1 3 2 4 1
Nereis eakini 31 16 17 1 1 1
Nercis latescens 21 9 5 3 2 29 10 20 1
Nereis pelagicaoneonigripcs 2 2 3 3 4 1 2 7 2 2
Nereis vexillosa 1 1 4 4 1 1 2 S 3 1 3
Nereis ~.!...
Notomastus tenuis 12 2 1
Notocirrus attenuatus 1 1 8 3 2
Phragmatopoma californica 3 6 1 1 2 2 1
Phyllodoce ferruginea (1) 4
1/'lIr-··U-lr* 100.WII
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Platynereis bicana1icu1ata
Schistocomus hi1toni
The1epus crispus
Table 11 Continued 8io~b rata Matrix
EA1 EA2 EA3 EBl ~~ EB3 Eel EC2 Ee3 JA1 JA2 JA3 JB1 JB2 JBJ LA1 LA2 LA3 LB1 LD2 LB3
.1 .Th;! '~ . :.: .... ';'. ~.~._ :'..3 2 2 2
1
1
11 24
Typosy11is acicu1ata
Typosy11is adamanteus
Typosy11is a1ternata
Typosy11is fasciata Sp. ~
Typosy11is fasciata Sp. ~
Typosy111s fasciata Sp. £
Typosy11is fasciata Sp. E
TYposyl1is armillaria
Typosyllis pu1chra
Typosyllis hyalina
Nereis mendociana
Branchioma1phane vincentii
Lanqerhansia heterochaeta
Glycera capitata
Ha10sydna brevisetosa
spiophanes bombyx
Phylum Arthropoda
Class Cirripedia
79
7
1
1
2
1
2
4
3
3
1
1
1
1
2
7
5 12
2
1
4
1
1
1
1
1
1
4
1
4
9
5
4
4
6
1
38
2
14
20
5
1
1
8
4
1
8
2
4
23 1
8
8
4
1
3
2 26
8
1
1
6 4
1
3
371 251 1061 929 314 932 135 283 454 884 316 695 793 841 629
137 103
28 10
15
Balanus cariosus
Balanus glandula
Chthamalus daHi 10 12
41
57
2
5
,7 19 90
10
65
14 18
32 106 32 207 118
1
74 32
29
12
21 5 9
62
16
ss
4
19
10
16
101
2LB3
1
6
LB2
8
19
LBI
1
1
1
1
LA3
8
1
LA2
6
LA1
10
6
3
6
JB3
32
4
2
JB2
9
4
'B
9 15
111
22
1
16
J1\2 "JA3 JIB1
'1
42
4
9
2
EC3'~JAl
2:6
EC2
Matri.x
Eel
8
2
33
1
2
EBI
'~4
38
6
EA3
9
6
1
8 221
EA2
106
88
7
EAl
21
42
Table 11 Continued Bio
Colanthura squamosissima
Chthamalus fissus
PO!!1clpes porymerus
Idothea (P) montereyensis
Dynamanella glabra
Suborder Flabellifera
Class Malocostraca
Order Isopoda
Ianiropsis Kincaidi
Cirolana harfordi
Order Amphipoda
S!t; 97
'.
82 338 114
7
8 .22 195
Ampithoe simulans
"yale plumulosa
Elasmopus rapax
parajassa Sp. ~
Subclass Eucarida
Order Decapoda
170
7
39
7
58
23
31
4 J.} 1
1
17
9 238
4
96
28
18
17 10·
74
45
19
12
54
1
11
35
8
72 109
3
76
83
3
~ antennarius
~~~
Pachygrapsus erassipes
Petrolisthes cinctipos
Fabia subquadrata
Pugettia gracilis
3
81
3
1
5
2
1
29
3
1
,
2:: 2
:~
.)(11
3
4 1 3
6
3
6
2
2
1
6
2
10
2
3
1
15
2
2
1
1
1
Class Pycnogonida
~cnogonum stearnsi 1 1 A 1
..
"i 4
.!.
10 'l.
Table 11
EA1
16
LB3LB2
2
LBlLA3
1
2
LA2
8
LA1
3
7
JB3
4
32
JB2
1
9 14
JA3 JB1
4
8
JA2
4
12
JA1
3
.1,
i
EC3
1
EC2
48
~.~
1
2
16
1
13
._.~~
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Continued Bio~9,~'ta Matrix
EA2 EAJ Ea1 E~.'~fEB3' Eel
6 3 TI.~
.' I
:11 '31~
~~J';~21 '.~~~. ~
.;~'.
3~i
1f.~~t
16Anthopleura elegantissima
Ha1~ vlridintestina1e
Halosoma compactum
Class Insecta
Chironomid Sp. ~
Phylum Coe1entierata
phylum Echinodermata
Class Asteroidea
Pisaster giganteus
Pisaster ochraceus
1 1 1
1
1
2
Class Echinoidea
Strongylocentrotus drobachiensis 1 1 2
59 108
~. ~
~ 7
69 116 234
16
8 3600
Class Ophiuroidea,
Ophiopteris papillosa
Phylum Mollusca
Class Bivalvia
Hiatel1a arctica
Lasaea subviridis
Mytilus californianus
Mytilus edulis
Septifer bifurcatus
54
4
8
52
69
4
1
36
26
1
4
40
3
,~ 5
7 12
8
3
2
93
12
40 10 22
76 56 119
4 33· 5
1
5
70
1
83
7
61 42
71
60
2
76 58
3 6
3
1
52
1
Anomia peruviana 1
Class Gastropoda
Acmaea~ 1
..~....... " ~lrr- )CJ
12
1
41
LB3
9
1
LB2
119
4
4
13
LB1
106
1
26
61
LA3
4
52
LA2
1
61
1
LA1
6
17
2
41
1
JB3
31
10
JB2
3
5
30 39
JA,3 'JBl
1
28
9
15
JA2
1
35
35
42
JA1
2
42
6
Be.3
17
4
EC2
2
26 .
1
1
35
18
1
28
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Continued Bio~iifataMatrix
EA2 EA3 ED1 '~.'~f EBJ Eel
if~!_"
."1" ,"';~....';:<M ~:
1 :~.,~ .',-
,.,;. 1
'··~H:; ;
;~".
5'}i!'
',.":'35 ..~.... '.' ~ 37~ .
3'~~
~J
.,-,1
.,
~~
1
1
26
3
EAl
Table 11
Aeolidia papillosa
Barleeia haliotiphilia
Amphissa versicolor
Collisella pelta
Collisella scabra
Collisella limatula
Collisella digitalis
Fissurella volcano
Homalopoma baculum "'~ 1
Lacuna marmorata
Littorina scutu1ata
1
2 2
.,
:~ 3
191 89 51 217 137 11 67 120
1
105 45
Mitre11a carinata
.
,';~.
'. 1 3 9 1 '29
2
31 13
2 15
Olivella pycna
Tegula funebralis
Thais emarginata
2
48 7
1 1
;ll! 22
3
7 3 7 27 18 11 12 12
1
14 2
11
5 1
Class Polyplacophora
Chiton~ ~
Nuttallina fluxa
Mopalia 'lowe!! 2
2
1
1
3 1
3
1
1 10
5
7 4 1
Nutta11ina californica 2 1
Phylum Nematoda
Nematode~ ~ 9 loLl
..~ J[['\.:,' ..... K:·; ~"
.~i1i~~~ ,,' .. . T '., _
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Table 11 Continued Sioti~Data Matrix
.,.
Phylum f1emertea
Amphiporus imparispinosus
Emplectonema gracile
Paranemertes peregrina
Tubulanus pellucidus
Phylum Platyhelminthes
Stylochus franciscanus
EAl EA2 EA)
19 10
4 )
1
1
ESl SQ2, ED) ECI
";:
.if.
2 "8 28l6~' 4 1
:~ 1
.....~
"if
<.
.,
EC2
22
7
EC3 JAl JA2
4 11 8
729
3
JA3 JSl JB2 JB3
IS 8 14
1 16 5 5
LAI LA2
) 6
1 4
LA3 LBI LB2
)
4 1
1
1 2
LB)
1
1
~.
~~
JNotoplana ~ !l
Phylum Sipunculida
Goldfinqia hespera
Phoscolosoma aqassizii
Phascolosoma inqens
Sipunculus~
1
29
1
.~
~' ,.
:,1
.1
~.l
.',
::;~
2 4 )
1
8
1
2
I
1 3
'-liT 105
